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PDGF-AA interactions with fibronectin reveal a potential role for
heparan sulfate in mediating directed cell migration during
Xenopus laevis gastrulation
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bInstitute of Biologically Oriented Materials, ETH Zurich,
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Platelet-derived growth factor (PDGF) signaling is essential for
processes involving cell motility and differentiation during embryonic
development in a wide variety of organisms including the mouse,
frog, zebrafish and sea urchin. In early Xenopus laevis embryos, PDGF-
AA provides guidance cues for the migration of anterior mesendo-
derm cells as they move across a fibronectin-rich extracellular matrix.
The long form of PDGF-A includes a positively charged carboxy-
terminal retention motif that can interact with the extracellular
matrix and heparan sulfate proteoglycans (HSPG's). In this study we
demonstrate that PDGF-AA binds directly to fibronectin and that this
association is greatly enhanced by heparin. The PDGF-AA-fibronectin
binding occurs across a broad range of pHs (5.5 to 9), which is
significant because the PDGF-guided migration of Xenopus mesendo-
derm cells occurs under basic extracellular conditions (pH 8.4). We
further demonstrate that endogenous HSPG's are required for the
PDGF-AA-guided mesendoderm movement, suggesting an in vivo
role for HSPG's in mediating the interaction between PDGF-AA and
fibronectin.
doi:10.1016/j.ydbio.2009.05.318
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BMP signaling is required for both border cell specification
and migration
Takuya Akiyama, Kristi A. Wharton
Department of Mol. Bio., Cell Bio. and Biochem., Brown University, RI, USA
Elucidating how cells acquire migratory and invasive properties is
important for understanding normal embryonic development, home-
ostasis and cancer metastasis. Border cell migration in developing egg
chambers of the Drosophila ovary provides an ideal system to study
migration in vivo. Border cells are specified at the anterior of the egg
chamber due to signals from the JAK–STAT ligand, Unpaired (Upd),
expressed in the anterior polar cells. Together, border and polar cells
then migrate towards the oocyte. Although upd expression is critical
for both cell specification and migration, its regulation is poorly
understood. We have found that BMP signaling plays important roles
in both border cell specification and migration. glass bottom boat
(gbb), encoding a Drosophila BMP ligand, is expressed in border cells
and acts to control the expression of BMP target genes in both polar
and border cells. By manipulating BMP signaling, we were able to
reveal that downregulation of BMP signaling specifically in border
cells impacts their migration and affects the localization of DE-
cadherin, known to affect cell motility. Downregulation of BMP
signaling in the polar cells results in a reduction in the number of
border cell specified. Based on our findings, we propose a model in
which Gbb positively regulates the expression of upd in polar cells to
maintain JAK–STAT activity critical for both fate specification and cell
migration. This study reveals a novel communication between border
cells and polar cells which provides a robust system to coordinate
border cell specification with migration.
doi:10.1016/j.ydbio.2009.05.319
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The function of SMN in positioning motor neurons in the
ventral neural tube
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During development, many cells navigate extensively to their final
destinations where they form precise connections with their
neighbors. We are interested in unraveling the molecules and
mechanisms that guide embryonic cells to their targets, using chick
embryos as a model system. Here, we focus on the cues that pattern
motor neurons and their axons during neural development. Motor
neurons extend their axons to innervate specific muscles in the limb.
We are examining the role of SMN, the gene responsible for spinal
muscular atrophy (SMA), using a loss-of-function approach with
specific shRNAs. First, we assessed whether SMN levels were reduced
using SMN shRNAs in vitro in HEK293T cells; SMN levels were indeed
decreased by SMN shRNAs but not by missense shRNAs. In vivo, at
early stages when SMN levels are reduced, motor axons are growth-
impaired and exhibit fasciculation defects. Surprisingly, when SMN
levels are reduced in vivo and embryos are grown to later stages, Islet-
1-positive motorneurons appear to migrate aberrantly out of the
neural tube, along the spinal nerve; this was never observed in control
electroporations. Boundary cap cells were in place, as shown by
various markers including cadherin7 and lingo-1 antibodies. More-
over, the architecture of the neural tube appeared impaired, as
indicated by laminin antibody staining. Collectively, these results
suggest that other molecular mechanisms regulate the positioning of
motor neurons in the ventral neural tube.
doi:10.1016/j.ydbio.2009.05.320
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The role of Smads IN BMP-mediated commissural axon guidance
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Bone Morphogenetic Proteins (BMPs) have distinct functions in
the establishment of the elaborate, yet precise circuitry of the spinal
cord. BMPs first specify the fate of dorsal neural populations and
subsequently direct the axonal trajectory of the dorsal-most
commissural (C) neurons. BMPs mediate cell fate by binding to a
BMP receptor (Bmpr) complex, thus activating the Smad second
messenger system, which alters gene transcription. Our studies
suggest that Bmprs not only mediate the morphogenetic activities
of the BMPs, but also guide C axons towards their intermediate target
in the developing spinal cord. However, the intracellular effectors of
the BMP guidance cue remain unclear. To elucidate whether the
canonical signaling pathway downstream of the Bmpr complex also
regulates C axon pathfinding, we have examined the potential role of
the Smad complex. Using inhibitory (I) Smads, Smad6 and 7 to
disrupt normal Smad signaling, we found that overexpression of each
of the I-Smads differentially affect C cell fate and axonal outgrowth
suggesting that different Smads regulate distinct phases of C neuron
development. Supporting this hypothesis, the BMP specific receptor-
activated (R) Smads, Smad1, 5 and 8, have spatially divergent
patterns in the spinal cord during C axiogenesis. Our preliminary
results suggest that knocking down Smad1 protein by RNA
interference during C axiogenesis results in C outgrowth defects.
Taken together, these findings suggest that Smads function as a
second messenger intermediate for the BMP guidance cue and that
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specific Smads may regulate two critical, yet dissimilar cellular pro-
cesses during development.
doi:10.1016/j.ydbio.2009.05.321
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BMP receptor signaling regulates axon outgrowth through the
Limk1/cofilin pathway
Ken Yamauchi, Keith D. Phan, Samantha J. Butler
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Los Angeles, CA, USA
A correctly functioning nervous system requires that neural
circuits be precisely wired during development. An axon extends
through a constantly changing environment, bypassing inappropriate
targets to make the correct synapse. To accomplish this feat, axons
are directed along the proper path by attractive and repellent cues in
the embryonic environment. In addition to directional information, it
is critical that axons receive guidance input at the correct time.
Although the mechanisms by which guidance cues signal to the
cytoskeleton to elicit axon turning have been well described, the
extent to which axon outgrowth is regulated remains unresolved. Our
previous work has shown that Bone Morphogenetic Proteins (BMPs)
repel commissural (C) axons from the roof plate in the developing
spinal cord. Recently, we found that a key role of the BMPs in vivo
may be to regulate axon outgrowth in addition to their role as axon
chemorepellents. The receptor that mediates repulsion from BMPs,
BmprIb, also slows C axon extension when constitutively activated. To
identify the intracellular effector that regulates the actin cytoskeleton
in response to BmprIb activation, we are investigating the role of the
Lim domain kinase1(Limk1)/cofilin pathway. Limk1 has been shown
both to control neurite extension and to be activated downstream of
BMP7 stimulation in vitro. Thus, we are currently analyzing whether
the Limk1/cofilin pathway is activated by BmprIb to regulate the rate
of axon outgrowth. Controlling the speed of axon extension likely
determines their response to subsequent guidance cues encountered
along their route.
doi:10.1016/j.ydbio.2009.05.322
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En passant transcription factor activation controls axon
pathfinding decisions
Sigrid Reinsch, Greg C. Conway
NASA Ames Research Center, Moffett Field, CA, USA
Two processes sculpt axon morphology: growth cone guidance
and collateral formation. While transcription factors activated within
neurons prespecify growth cone guidance before pathfinding com-
mences, the role of transcription factor activation in determining sites
of collateral formation are unknown. Axons often extend short
branches at stereotyped locations along the axon shaft. However, only
a subset of these branches elongate into collaterals. Zebrafish axial
motoneurons use collateral formation to select a proper axon
trajectory and as a model system, they reveal a molecular mechanism
determining which branches will be elongated into axon collaterals.
Here it is shown that activation of the transcription factor STAT3a
controls branch elongation. STAT3a is activated en passant while
axons are pathfinding, when the main axon growth cone encounters
a unique site along its pathfinding journey. Branches extended prior
to STAT3a activation do not elongate, while branches extended after
STAT3a activation elongate to form collaterals. En passant transcription
factor activation may control collateral formation of other pathfinding
neurons.
doi:10.1016/j.ydbio.2009.05.323
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Neuregulin 1 Type III is essential for Schwann cell migration
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Abstract #297 will be presented as scheduled, but will not be
published due to lack of license agreement between authors and
publisher.
doi:10.1016/j.ydbio.2009.05.324
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Spiral ganglion neuron pathfinding requires Pou3f4 activity in the
otic mesenchyme during the development of the cochlea
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During the formation of the cochlea, immature spiral ganglion
neurons (SGNs) delaminate en masse from the otocyst and coalesce
into a tight ganglion that is surrounded by the otic mesenchyme.
Subsequently, the SGNs project axons through the otic mesenchyme
to the developing sensory epithelium, where they innervate the inner
and outer hair cells. Previously, it was demonstrated that the
transcription factor Pou3f4 (a.k.a. Brn4; DFN3 in humans) is
expressed broadly in the cochlea during development, and that
genetic removal of Pou3f4 leads to substantial hearing loss. However,
the specific roles of Pou3f4 during inner ear formation are not fully
understood. In the present study, we demonstrate that Pou3f4
expression is restricted to cells of the otic mesenchyme during SGN
coalescence and axon outgrowth. SGNs from mice lacking Pou3f4
display multiple guidance defects, including incomplete axon
fasciculation and misrouting of axons through the otic mesenchyme.
Cross-sections of Pou3f4-deficient cochlea reveal that the relative
density of neurons is unchanged, but there is substantial loss of glial
cells that are normally apposed to the SGN soma. Interestingly, SGN
processes that do arrive at the sensory epithelium pattern normally,
suggesting that guidance cues originating from the epithelium are
intact in the absence of Pou3f4. These data suggest that Pou3f4
expression in the otic mesenchyme is necessary for expression of
guidance cues that pattern the SGNs and their associated glia during
inner ear development.
doi:10.1016/j.ydbio.2009.05.325
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Genetic noise controls binary decisions in neural circuit assembly
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Sensory-motor circuits are assembled by neurons whose axons
execute discrete, binary decisions at sequential trajectory selection
points. Motor axon trajectory selection is controlled by guidance cues
composed of ephrin ligands and Eph receptors, whose expression
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